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I "' ·' \ : ; 1 Nitrogen fertilize C~ ~,.-b~ effectively,_ applied in irrigation \-Ta~~~ uf~d fiRteUl.IU be expected to gi ve yield i ncreases COIIIJlGJ.~ble to those from otherC~ ·q.~ trfPli-
cation. Although this circ~~r emphasizes the treatment of rootworm-dam~~ corn, 
the method described can ~~~~€d t n arly situation where ni t r ogen fertilizer is 
applied i n irrigation water. ~ 
This practice i s especially important in hastening the recovery of r ootworm-
damaged corn becaus e it moves nitrates rapidly to the base of damaged pl ants . The 
best time to make the application is after the corn r .ootworms pupate and change into 
beetles. Further damage to corn root s then decreases and corn plants begin to de-
velop new root systems. 
Where rootworm infestation has been heavy, corn plants have little or no r oot 
systems. Therefore, the plants cannot reach and make efficient use of plant foo d 
and water in the soil. Furthermore, rainfall during the early part of the growing 
season may have leached the nitrate nitr ogen beyond the reach of rootworm-damaged 
corn . 
Nitrogen applied in irrigation wat er will hasten the development of a new root 
system and ultimate recovery of the plant. With furrow irrigation , the water will 
move the nitrate nitrogen into the ridge where it will be immediately available to 
the newly developing roots. With sprinkler irrigation , this lateral movement of 
nitrate does not occur, but applying the fertilizer during the last hours of the 
set will keep the nitrate near the surface where the newly developing roots can 
use it. 
Field demonstrations in Merrick and Hamilton counties showed that farmers in-
creased yields of corn damaged by rootworms as much as 21 bushels per acre by apply-
ing 30 to 40 pounds of nitrogen per acre in the irrigation water. 
Several Decisions Are Requi r ed 
Before applying nitrogen fertilizer in irrigation water , you need to make the 
following decisions: 
(l) the amount and kind of fertilizer to use (see table 1) . 
(2) the number of acres that will be i rrigated per set (see t able 2). 
(3) the amount of time for application. 
(4) the rate at which the fertilizer solution will be injected into the 
irrigation system. 
Information required to make these decisions is gi ven on the following pages. 
An example of how a typical irrigation and fertilization problem might be worked 
out is found on page 7· 
~/ Clinton A. Hoover is Extension Agronomist and Paul Fischbach is Extension Irri-
gationist, University of Nebraska College of Agriculture. 
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What Nitrogen Fer tilizers to Use 
Solutions of ammonium nitrate or combinations of ammonium nitrate and urea 
give best results on rootworm-damaged corn . This is because these materials con-
tain some nitrogen in the nitrate for m which is immediately available to the plant. 
Furth~rmoreJ the nitra te i s soluble and will move readily into t he r idge with the 
irrigation water. 
Ammonia solutions are less effective for rootworm-damaged corn because (l) they 
will not move readil y into the ridgeJ and (2) t hey must be changed to nitrate in the 
soil and then mov ed by another irrigation t o the base of the corn plant. This de-
lays the availability of the nitrate nitrogen to the newl y devel oping roots . 
Sprinkler I rrigation 
Ammonia solutions are not recommended for use with sprinkler irrigation because 
(l ) a high loss of volatile ammonia will occur } and (2) ammonia solutions tend to 
precipitate lime and magnesium salts in most irrigation water} thus causing deposits 
on the inside of the pipe and clogging of the sprinkler nozzles. 
Furrow Irrigation 
Ammonia solutions can be used successf ully with furrow irrigation where corn 
root worm is not a problem. Here again} precipitat ion of salts is likely to coat 
the inside of gated pipe and s iphon tubes. However} an inhibitor can be used in the 
irrigation water which will reduce but may not entirel y eliminate the precipitat i on 
of the salts in hard waters . Sodium polyphosphate or a similar inhibitor can be 
used at the rate of one-hundredth the amount of ammonia applied per hour in the water 
flow . When applying ammonia solutions} the concentration of ammonia should not 
exceed 70 parts of ammonia per million parts of irrigation water. The inhibit or 
should be . injected in the pipe or stream and mixed with the irrigation water before 
the ammonia is injected into the water f low. 
How Much Nitrogen Is Needed 
Twenty to forty pounds of available nitrogen is recommended where application 
is being made in irrigation water for rootworm-damaged corn. The following table 
lists some nitrogen fertilizers to use and amounts needed to provide the recommended 
rate of application. 
Table l. 
-
Amount of various nitrogen fertilizers required to give 20} 30 and 40 
pounds of available nitrogen per acre. 
% Nitrogen wt. pEr Gal. Rate of N per acre} lbs. Kind of Fertilizer at 60°F.(lbs) 20 30 40 
Solutions 
Urea -ammonium nitrate 28 10.65 6 . 7 gal. 10. 0 gal. 13.4 gal. 
Urea-ammonium nitrate 32 11.06 5.7 gal. 8.6 gal. 11.4 gal. 
Ammonium nitrate 21 10 . 73 8 . 9 gal. 12 . 4 gal. 17. 8 gal. 
Ammonium nitrate-ammonia* 37 9 . 91 5.4 gal. 8 .1 gal. 10 . 8 gal. 
Ammonium nitrate-ammonia* 41 9 .48 5.1 gal. 7 . 7 gal. 10 . 2 gal. 
Aqua ammonia* 24 7·47 11.2 gal. 16.8 gal. 22.4 gal. 
Anhydrous Ammonia* 82 5.15 4 .7 gal. 7 . l gal. 9.4 gal. 
Solid 
Ammonium nitrate 33.5 60 lbs . 90 lbs. 120 lbs. 
Urea 45 44 lbs 67 lbs . 89 lbs . 
Ammonium sulfate 21 95 lbs. 143 lbs 190 lbs. 
* Calculations based on temperature of 60° F. 
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Maki ng A Sol ut i on from Solid Fertilizers 
- ---- -----
When solid forms of nitrogen fert i l izer are applied in i rri gati on water , they 
must f irst be dissol ved in water before injection into the system. One or more 
55 -gallon drums placed near the i rrigation pump can be used for this purpose. 
Up t o three 80- pound bags of nitrogen fertilizer can be dissolved in each 
55 -gallon drum. To do this, first empty the fertilizer into the drum , then fill 
the drum with water. The rate at which the fertil i zer dissolves will become s l ower 
with time because the temperature of t he solution will be lowered as the fertilizer 
dissolves. Several hours may b e re~uired t o get the fertilizer completely dissolved. 
Fre~uent stirring is needed to get the fertilizer in solution. 
After the fertilizer is completely dissolved, it is ready to meter into the 
irri gation system. By referring to tables 1 and 2 , you can determine the number of 
bags of f ertilizer needed per set. Then follow t he steps for injecting fert ilizer 
solutions out lined elsewhere in this circular . 
Number of Acres Per Irrigation Set 
Table 2 can be used to determi ne the number of acres that will be irrigated 
by a given set of rows. In the left hand column of the table, find the length of 
run you are using. Then follow across to the right until you find the column under 
number of rows per set. The figure in thi s column is the acres being irrigat ed per 
per set . 
Tabl e 2 . - Computing number of acres per i rrigation set. 
Numbers of rows per set (40- inch rows)* 
Length 20 40 6o 80 lOO 120 14o 160 180 2CO 
of run 
i n f eet ac. ac. ac . a c. ac . ac . ac . ac . ac. ac. 
300 
-5 -9 1.4 1.8 2.3 2.8 3.2 3.6 4 .1 4 . 6 
500 . 8 1.5 2 . 3 3 .1 3.8 4.6 5.4 6 . 1 6.9 7.6 
660 1. 0 2.0 3.0 4.0 5 .0 6 . 1 7.1 8.1 9.1 10 .1 
800 1. 2 2 . 4 3 · 7 4.9 6 .1 7·3 8.6 9.8 11.0 12.2 
1000 1. 5 3. 1 4.6 6 .1 7. 6 9.2 10.7 12 . 2 13 . 8 15 . 3 
1200 1.8 3 ·7 5· 5 7· 3 9.2 11.0 12.9 14. 7 16.5 18 . 4 
1300 2 . 0 4 . 0 5· 9 7·9 9 · 9 11.9 13 . 9 15.8 17.8 19 .8 
1400 2.1 4 . 3 6 . 4 8 . 6 10 . 7 12.9 15 .0 17 .1 19 . 3 21.4 
* See Engineering Notes No . 7 , J uly 1962 , for table on row widths other 
than 4o i nches . 
Amount of Time for Application 
I t i s important to get good distribution of the fertilizer and irrigation water 
throughout the field. One method is to use as large an irrigation stream down the 
furrow as possible without causing serious erosion. Inject fertilizer continuously 
unt i l t he water has reached the far end of the field, and then shut off the fert i -
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lizer injector. For rootworm-damaged corn, irrigation without the fertili zer may 
continue until the water has moved to t he center of the ridge. The length of rows 
and furrow stream size can be set t o move the water through the field in 3 to 6 
hours. Then the fertilizer injection time would be 3 to 6 hours. On some fields 
this would also be the total irrigation time. (For recommended irrigation prac-
tices where rootworm is not a problem, see E.C. 58-704, Efficient Irrigation.) 
Another method is to inject the fertilizer into the system when the irrigation 
water has run about three fourths the length of the row. The fertili zer is then 
applieq in a one or two hour period. Try to have the fertilizer and irrigation 
water reach the far end of the field at the same time, and then shut off the ferti-
lizer injector. The irrigation may or may not continue, depending on the desired 
depth of water penetration into the soil. 
For sprinkler systems, the fertilizer can be applied the last four hours of 
application. Operate the sprinkler system just long enough after the fertilizer 
injector has been shut off to clear the system of fertilizer and wash it off the 
plants . 
Metering and Injecting the Fertilizer Solution 
Most components of a fertilizer metering and injection device f or sprinkler , 
gated pipe or siphon tube irrigation are available from most farm sprayers used 
for herbicides and insecticides. Caution: Be sure to wash sprayer parts thor oughly 
before using. 
The basic parts (shown in figure 1 on page 6, are pump, pressure regulator with 
by-pass, shut-off valve, orifice, pressure gauge, necessary hoses and fittings , and 
a fertilizer solution supply tank. 
Many nitrogen fertilizer solutions are corrosive. Pumps and fittings constructed 
of cast iron, aluminum, stainless steel or some form of plastic are less subject to 
corrosion. Brass and copper fittings will corrode easily. 
Many sprinkler and gated pipe systems have a water faucet on the pump discharge 
which will serve as a place to inject the fertilizer solution into the irrigation 
distribution system. 
An orifice can be made from a p iece of metal about the diameter and thickness of 
a quarter. A 1/16", 3/32" or 1/8" hole drilled into a knock-out from an electric 
connection box will make an orifice that will fit inside a garden hose connection. 
(For approximate rate of flow, see table 3.) 
The pump can be driven by an electric motor, auxiliary engine, or tractor power 
take-off, or it can be belted to the fan drive pulley of an irrigation engine that 
is not using a radiator and fan. Be sure to use proper v-belt and proper pulley 
sizes. Ask your pump supplier f or information about belts and pulleys. 
Care should be taken to insure proper mixing of the fertilizer solution in the 
irrigation water. Injecting the solution into the pump discharge ahead of pipe 
elbows or a pipe tee will help cause thorough mixing. In open ditch systems, the 
fertilizer solution can be metered into the water at the end of the discharge pipe 
where the churning action in the stilling basin will insure proper mixing. 
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Table 3. - Flow in gallons per minute, using orifices of different sizes at 
various net pressures.* 
Diameter of Orifice** 
Net pounds per 1/16" 3/32" 1/8" 
square inch approx.g.p.m approx.g.p.m approx.g.p.m 
10 0.20 0.54 1.02 
20 0.31 0.79 1.52 
30 0.41 1.10 2.00 
* Net pressure is the difference between the pressure exerted against the orifice 
and the pressure in the irrigation system. Example: If the pressure in the 
fertilizer injector is 15 pounds per square inch and the pressure in the gated 
pipe is 5 pounds per square inch, the net pressure is 10 pounds per square inch. 
** Orifice is made by drilling a hole in the center of a knock-out from an electric 
connection box. The flow of fertilizer will vary depending on how the orifice 
is shaped. Check the rate of flow before using the fertilizer injector. 
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Figure 1. - Diagram of metering and injection equipment ·for appllyins fertilizer 
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Step 1: 
St~p 2: 
Step 3: 
Step 4: 
Step 5: 
Steps to Take in Applying Nitrogen Fertilizer in Irrigation Water 
Decide on amount of nitrogen you 
want to apply per acre (Table l) 
Decide on the kind of nitrogen 
fertilizer you want to apply (Table l) 
Determine number of gallons or pounds 
of fertilizer needed per acre (Table l) 
Determine the number of acres in each 
irrigation set (Table 2) 
Multiply gal./ac. or lbs./ac. of ferti-
lizer times acres per irrigation set. 
(Example: 8.6 X 5.9 : 50.7) 
Example 
30 lbs. 
of N/ac. 
Solution 
32 r{o N 
8 . 6 gal. /ac. 
5.9 ac. 
50.7 gal. of 
fertilizer solution 
per set. 
Your field. 
Note: For solid fertilizer, see section on making solutions from solid 
fertilizer, page 3, before going to Step 6. 
Step 6: Determine the amount of time required and 240 minutes 
when to apply the fertilizer solution. or 4 hours 
(See section on amount of time for application) 
Step 7: Calculate the rate of flow of fertilizer 
Step 8: 
solution into the irrigation water. 0.21 gal./min. 
Divide gal. of fertilizer per set (Step 4) 
by total time in minutes (Step 5). 
Select the proper orifice size and net 
pressure to give the desired rate of flow. 
(Table 3) dia. of orifice 
net pressure 
l/16" 
10 psi 
Step 9: See figure l for example of a fertilizer metering device. 
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